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1 

V a 1 , Th r 1 CD^^;t> D 0 I 1 e, Ly s'^soDf^t) 
fQCDArg. V a n8 0Dflit>l3(DA 1 a, Alan's® 
f^fcDCOAsp, Th rio'CDf^fctxaVa 1 *3<J;r/A 
s pi»i(7)f^t)DOS e r J;Dfj:^#;&iS3ltinft:'b© 

[Mf*JS4] T5yK^S:*5, Va P«©f^t)OcDA 

1 aiiitJCLy s'^'COf^tjDcOAr g, ^fcttVal 

CO-fttsDOA 1 at3j;I/S e r" = COf^t)D©G 1 y 

it? 

itfe^Slf^L-fcDNASHS^JTaboT, ST;l^*U*X7 

2 0 AKrt, iff * U < 1 0 ARI^, ± 
CDDNABE^L 

Val, Ly s='2»COft*5<3©A r g. Val'^Of^t^ 
DO A 1 a, A 1 a^'^Of^tsDOA s p, A 1 a^'^© 
ftt30©Cys. Th rio'Ci-f^tiOroVa 1 *D=fca^A 
s pi'^WfttJDOS e ri:i3:(S:«»*ie.atinfct>© 
Ti&S. W*^5tClS«®DNA|H?U<. 
[»*.«8] Va l"»f^t»D®A 

1 a*5j;y:Ly s""©«t)D©Ar g. Sfc»Val 
'"C0f^*3t)©A 1 a;fe<i:i;s e r"6cr)f^:(3(3©G 1 y 40 

DNABBMo 

X hi':/hV'f-fexB, m%Wi^mu. »«*5j;a:ffi0 

fcga«©DNAEJ!l. 

mim 1 0 ] *iiais©*(f»T3ga-rsfcj&oT;i.* 

'J*:x 7 r^'-- tf^n- Hf ^)lfe^Sf^tJ;-5DNA 
E^JS:$t;:/7X5 FTa&oT. ^TJI-^UjJ^X^t^ 

-ifAW*McD;^)iMT;i':^(U4^x:7r^'-ifijt^T 5£> 
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2 

TJl-* 'J *X 7 r tf i D fe^^J^JtiSttS^f S Z. 

)i!92 0AKrt, »*b<fiM«ttSIJ&®*!jl OAJKf^, 
i; D L < ttRMttas&f'Jtc^ft-rs, 1 0 tc 

E«©:^7X3 Ho 

[»*^12] 73/K^S5&^, Th r'-ocDf^tiD 
©Va 1 , Th r^''»CDf^t)D0 I 1 e, Ly s«*»©f^ 
tiDCOArg. V a P'CDf^tiDcDA 1 a, A 1 a^"' 
©•f^fcDcDAsp. A 1 ai'scDf^t-DcOCy s. Th 
r 1 " <Df 0 © V a 1 *D<J;tXA s p^"^ ©S e 

r<t?3;^SSf*>^Sfinfc'b©T!=$.S, OtciBB 
«©:/7X3 H, 

[»*:S13] 73yK«S755, Va l"©f^^D© 
A 1 a*3j;2/L y s5 = «©f^t)l9©A r g, * fcfiV a 
P"®f^^3?)©Al a*3<tr;cse r^i5(^f^;5i3c5G 1 
yJ;t3 7S:-5f^:0^ea«n;fcfe©T?2fe5, tt^iBlOtClB 
«©7'7X3 h% 

«1 0(Ctd«©7^7X3 H. 

[»*]Ki5] *iffl)iaig*'t'T?»a-rs«:is?)©7;p:*7 

U :;J^X :7 T ^-if Hf SiieT^Sll^tc D N A 

T, ^7;I.*'J*X>'T^5'— b'*W4=.S©:^)lW7;i/* 
0 *X7 r 3'— tf iJt'^Ti>ft:< t fc 1 0©73 7BI^ 
Sa*L/, ffi^4^©±l!ia7;k/jU7}^X7T^— t*J;D 

[B*^ 16] 73/ mm.m\ mmm(D^'&mL(D 
ts«©?&^ii». 

[|»*JB17] 73/KaS*^\ Th r^o©^^^^ 
©Va 1 , Th ri»«©f^fcD© I 1 e, Ly s'*»©ft 
t)l3©Arg, Va l««©f^*5i9©A 1 a, A 1 a^"' 
©■ftt)D©Asp, A 1 ai°^©f^t)t3®Cy s . Th 
ri"©f^t)?)©Va l*3<trXAs p^" ©f^t>»3 ©S e 

[B^JSIS] 73/^^5/5^, Va l'9©fi;fcD© 
A 1 a*3±tXLy s'^'W-ftt^DWAr g> ^fcttV a 
H''©f^t)D©A 1 a*5ilXS e r ©f^t)?) ®G 1 
y<i;D;^^»A^6a«nfcfe©T?ab^, «*:B15tcfB 

«©tt*«ieii&= 

[BI^JIIQ] /V>^XM, xM^'/hT 

^-g)Sf;0^6atftl7tfe©Tab^» ttjJ^:S 1 5 te«©?t 
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(3) 

3 

[0 0 0 1] 
[0 0 0 2] 

[^*®g^«:fej:at^Bjjji»ftbc!;5i:t-SS6S] T;i^ 

xm^ommm-^Ty^^izm^^^n^, r;v*'j*x 

' tic j; Dtt«^#:*«ai-r s ^1 1 

[0 0 0 3] ismtLr^mt^r^^\zm&<Dmm^m 

it\mm<Dmms.i!&) ismmn. 5 o~6 or;*®^ 
^mmmm)-v(o^^^;<t^s,mm^^^izm^hft'^ 40 

Sa!(Ti,)tt4 OtTfeSlsOi^ 1 0 0'C<&S;^SfeCO*T 
[0 0 0 4] ^7f»p^7;i^;^;U3^7,:7r^'-1f«i#*;S 50 
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4 

-[^^^^'Si.%-^^%^\z-^w%v^^^'oyYW^wo 

-I- ( t D t3 ft l^S^^frTff fcn^ 7 -k f ) t-JBii 
[0 0 0 5] u*aftt»»*®±ffi^ji^<£i£lfi-r-Sfc86tC 

\zit-<tnmibxm^mm^Mm^m-r^o ±mm7jv 

s?t 0 \z^W!:wtEvx:ismt^mmf^ ^:km\zmm-^ 

m\z-r:^z.ti}^x^^o L-fj^vt^f}^^. ±mm7)Vij^) 

*X7Ti5'— feli. 't7v-MW7;U*U3t^X7 5'^'— tftc 
Jt-^StJtffitt*t<£Vi„ ;^||«T;V*U*X7t^^— If 
OM^RjScDft;*:]*^ ( k = . , ) tt, D «*it*^^<Ji) 
e-ntiT^*^*. 6 0 s e c-^'TS.-So Jltlfi, ■^vli^ 
T;P*'J3J^X7 7:S'— if®*?j2. OOOsec-^Okc.t 
iifciR^iaSo ^^©;*:li«T;l.*«J*X7r^'--lftt 

^ >-m^7)vti ') jj^x 7 ri^-tiizit^^ tmmmmt^ 

BTJU* U 4^X 7 r iS'-1f ®»*SttS[B]±S-a:S ^1 <*: 

[0 0 0 6] :^n-x'f >X>>'-7U>^CD^^fpiC*5tt 
a5fi;#S«(site -directed) 

(i)»*»ttgKecoMR)fWifett«fcfe#T^»-te. 
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(4) 

5 

[0 0 0 7] T)vt!')-^7.yr^-'^<Di&.m.-&mmt^ 

<J:rJtv'i'nn7-feg^;i/-^-i^U-fePU>K ; 2, 3- 

g|-r ^ 'If fByi^# ^ tlfc [ 3 >( C 0 1 eman) *5 j; y:y 
>i^X (Get tings). Adv. Enzymol. 5 5:35 
1, 1 9 8 3], z.(r>mm^'rY^~Yn:^i'y'^mm. 

COS 5 0%a::^-3fe[i7UX'r>(Ctiristen)e.. Biocli 
emistry 1 0 : 1 3 7 7, 1 9 7 1 ]. •f-©j;5/^SIIfe 

fco L/5^L75:*^*5,, -ft^W^fiiSti, »*t»©i:©75 

[0 0 0 8] 3^,tc, ^yni;n<D^'&.^^^tz.\m^ 

;l#^['x'(Ma)*3j;U57':S'V3.^(Ptashne), Cell4 30 
8:4 8 7-8 5 3, 1 9 8 7]. h'J7'h7T>>'> 

tC[a.^> h(Yutant) 6, Nature2 6 7:2 7 4~2 
7 5, 1 9 7 7], fcl'^Tl'iOgg^XSttT.S Ktf-5o 

(Bacillus stearotherinophilus)rott'tt:/D5^7"— tf 

fc43lt^if^Sg*tc^$nsj;'5lc[-f •^■^-*( I manak 
a)6. Natures 2 4:6 9 5~6 9 7, 1 9 8 6], » 

[0 0 0 9] mm^DNAm<Dmm\zi:<o, rjvtiut^ 

X 7 T 3'-1f©*^^te<1^-r-5jte^ (pho Ajie^) 0 

(gpffi#se5§^^^s«%) ^ tat^miz u -d tzo ±m« 
•v\t. phoAae^fj, u>K»ote^, ^»*3<ta^f^ 
iwicB8-^-r^i!>;^< th 1 8ffl©»e^;5>e.;^-5#aM 

«:^-p®-^K*J5:LTl.iS. ;^)»«phoA«e^®5< 

»e.nTVi^[g^-v>i^(Chang). Gene4 4 : 121~ 
1 2 5, 1 9 8 6#Jig]. 50 



#W¥4-3 4 9 8 8 1 
[0 0 10] ae^»f^lCJ:D, 7;I/*'J*X7t5'- 

•tf»*©^^^4^a5elc^&•5■b u >i " ' «^Sttjt«tt® 1 

0 0 0^g©ffiTt:^j:D, -^-m^^, ^©T5/^«**^ 

h7 9>y3l^:7(Batler-Ransohoff) S., 

1 9 8 9^«7;P*'j3jsX7T^'-1f>>*>^'i'A. -iJ- 
>v'Xrf, CA, 1 9 8 9©M^]o JintcMLT. -fe 
'J >©v'X5^-f >(C«fc«.S«l(7kffi*^#^UTVi;g)) 

J. (Ghosh) 5>, Science2 3 1:1 4 5. 1 9 8 6]« 

ssij t T sn^s^aw^ ic cfc D sa^ & ti, fmm^ 
ifi^^(nmm\zit^Tm5 Q^^yhitin^v^ — 

"yyy-^y^. Proc. Natl. Acad. Sci.US a, 8 
5:427 6, 198 S^aiU^'^^^-f iS^ui^n-(Chai 
daroglou) B iochemistry 2 7:8338, 198 
8], T;P;itJ'J*X7T3'— ^^©T5y*^«l 0~4 

0 e© r 5 / ^aa * ^ > a ^ wmy^^m t j: d »s-r 

U3p'i7X4^— (ChleboTski) J. Biol. Chea. 2 6 

4, 4523; 1989 ]o phoAjte^©^-3*^®-<5-^ 

■5[x3.:^?— X(DuBose) 6> Proc. Natl. Acad. Sci. 

USA85:7036, 1988]. 2'<ft3fiT[i, ± 
ll«T)l/* U 3j^X:7 r ^— tf©®ttgKe®TX A°9^>- 

yuifu—^. ProteinEngineeringS (2) : 1 2 7~ 

1 3 2, 1 9 8 9)o ^:©^SB*«K^S©»*tCjt 

[0 0 11] 

#bTVi^o *SIW©*f^»*tt^^^»*tCjt'-iT«i 
S©}C3iLfcaK{r, r^j:!b-^ji^©Ty-t:>f*frTT 

mkU'rmmz^^b'QtiA.mi-^^mr^mm-^'y 

[0 0 12] :k.mm\z^-Dxm^'&n^'^^ 
T;l'*'J*X7r^'— y-raboT, iF*l!©;^)l&»T;i' 
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(5) 
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Va 1 , Th r'oo(DRt>r)(D I 1 e, Ly s^'»(DRt) 
OcDArg. V a n^cOfttiOOQA 1 Alai°^CD 
f^t)D©A s p, A 1 ai'"CDf^*jDOCy s, Th r 
i"oo-ftfcO©Va lfej;t/As pi^'CDf^^^lJOS e r 

ji^'^tf^n^o -mT^jm^^omtLrn. vai 

"©f^fcOWA 1 a*3±?/Ly s ' ^ ^ (DRt) K><D A r 
g, SfcfiVa P"CDf^t)DCDA 1 a*5a;tXS e r*^» 

[0 0 13] *%B^|.j, t;i/:*jU5J^x7t3'— ifw* 

«liS;^i:DNAafi^JS:^^T-S. ^-OJ: 3?S;DNAE^J& 

asm 757 

A 1 a 
A r g 
A s n 

Asp 
Cy s 
G 1 n 
G 1 u 
G 1 y 
H i s 
I 1 e 

[0 0 16] *^H^«. ;*c^cD»*fc«t2«.R)TSO«*^ 

v'HWT;!/* U *X 7 T ^— If J: 0 felS^Se*i;'c 
7 5'C(pH7. 5)T53^M®ft/h#MM&^ 

(0. 0 5M):$^Sfc«>'X3'/— ;i/75>(0. 0 5M)0 
#«T. «<J1 OcOpHTSs^ffitt^aiSLJtt^icM^ 
^n-5c tt.?SttK)[pi)_h«, ii-T^ff (molecular model i 

[0 0 17] —mz. 7)Vti^J-^xyr3^—^'¥x^m 

ftfebfcCy "7 HX^— (Sowadski) f., J . Mol. Biol. 
186, 417~433;1985]„ iSlJ^fttbT 



[00 14] 5e,tr, ^«J;57S^^»*^ 
[0 0 15] ig*n-H*5J;y:75yK€r^-r?ciS6. T 



BR 
A 

c 

G 
T 



if7=:> 



757 



77c:> 

7;i^^-> 

7X/"?9*> 

7X/t9^>»(7X/^9^>K«) 

v-XT^-r > 



Leu Xi-ii/y 
Lys U5/> 
Me t :^=f-^:=.y 
Phe :7x-;i/79->- 
Pro yp U > 
Ser -feU^- 
Thr VV^^y 
Trp hU7°h7r> 
Tyr 5^Pi/> 
Val A*'J> 
t3eVi7 5 7K. a:Dt)tttt«3SS©S e r'i'MCjfil'i 
7^ 7K£a#?-r-5 ^ tT^ofco 

[0 0 18] nM^(}^fmm>mz-'&(T>y ^ ;m&\c^ 

^feD^^Sfc*, ^©75 7KSP-H-r-5a^;ia:P H 
>*phoAate^'t>tC#AL'fc„ P H>gB5^JNNN(N« 
4 a© X 1/ :t 9^ K O V^Tm^ ^^-T) ^ D N Affi^J 

.^k^S(-r;^jt)*., 2:^©73 7K^'^t;)^^^•r*3^3. 
:inisae?^'S-^t::ffli/ifc:-&^:t'J =rx i7 H©ft; 

[0 0 19] iT^:/7X5 H©«^ 

2^©3'>;l^MISH-feS:fflV>T^:S»5^*»jgL 

fco s-r. «^©ME«iiDNA-y-^sB?ij^*-ae^^tf tr 

«Ab, #?,nfci7n->*Jt«tt©ftl/^*S»*©* 
^(C':3V>TXi7'J-->i^Lfca ^— (C, SSDNA4J> 
2 [His ©?^^^S«%ffl fcffl V^fc. 



^3— 
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[0 0 2 0] ^-(Dismzn.. rjvij^in^y^yr^-'^ 

Jc-S^a^fi^tiJiglll 31, 973 ^(1987^12^ 

1 1 0aig)Wai»*J:r)t-T>-ri/^(Man(lecki):feJ;C^ 
iPU (Boiling) (DGene6 8. 1 0 1 — 1 0 7. 1 

9 8 8 (;in^:5:it*#figo&is6*H^Si«ic5lffl-r5)tc 

l3«Sn&FokI jifCifJfTofco 2 l(D'&ltg:tUrf5? 
^'I^^t^^PLHl (a)gl~mi (c)0]<£t9:t^U fi«lr 
tS-3TigtfL;fcy9X5 h'^i'i5'-(pWM5 0 0)tf>(C ii? 
^n^'tli7P-->^Lfc:o FofclftiJ^B^-^ 

2 lO-r'<T(D»f>T-*U[5IC0MJST9-l'-y-hUT*tll 
6 0 0 M»M©^bj«pho AjieTSiSM-r ^ ^ L S BJtg 

[0 0 2 1] _hia^^3ie^tttt. mmm^i^ffymm 

F^5':5'-(pWM5 1 8)(^»J1 1 

tc-r ^fcs6^ ^. nfc»©M^?El5S^*-r -5 i 

(pMA 1 0 0)*>^©T;l^*U:t^X!7r^5'— lf©%^V- 

■^M^. 5 5 0 nmT©7t'#«* 1 . 5 ^Tii*3-tir& 
SiflSd l):0^6.^>A°i^Kl OmgtBUfe, 30 

ye) 6© J . Mol. Biol. 1 1 0, 7o~8 7(1 9 7 7) 

\Z, MZ 1 3b(F-lacX7 4, A(brnQ'. phoA". ph 
oB". proC-)24 tsxR, trpa.. str>, O 8 0 D (pro 
C*. proB*).p,3, ^8 0):k:mMWt>mifBn^o 

[0 0 2 2] ^i^nftmm:Kmm^7,i^u-->ifvx 

fco :inS©5'n->S:, *gTab^5->^D^:-4- 
— f >H-;WU>K(BC I P)?^-^-^^-^* 

m-vmm-^it-^. jtett©«vi7';p;^iUj^x7Ti5'— t' 

&«±-r^3P--tJ, *®i:©»*HJi£;{c<fc(p«fi£ 
[0 0 2 3] ^&*iliB&^cJ;ST;^;^^«J*X7r:$'— If© 

u—-yif'r^<D\z^m-v$)^mmvoi<ni&±n 
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S»5NS^^^»s!S;5>6aSiJ-rS©SI&Jt-5fcil&. 
OphoA'J:iJ?V-A«g^|lBe*. ^^©UJ^V-AjSg-g- 

-5c:tlc«fct):/^X5 F©7';k:^?U5i^xxT5'— tf^« 
»snfc:/7X5 H&pMAi o 

lt«:Lfc» r©phoA«eT», -fr:->X-^'-AT 
Gr! K>©J:tti:— P©5 0©^>^AXii'l/:t7=-H* 

■g■^T^^7to ^©is*. mmoy^mumMmizmov, 

iliV^Jt?S14^Wf^aS»lg©^&-*JB C I PSK^:©K 

iS'\i\^^)V^^M-r^m 1 , 0 0 0^a->^^ts^a 
->9-f >^9U-;^t#^n;to :*?7-X^"J-->i^[:: 
jiLfcT;!-* U *X7 r i'— tf«1t?£5g«-r-5i^ n-> 

(DMA 1 0 1)^, $?.{r?§^SIES^S§W^(rffiV^5«: 

[0 0 2 4] ^&^m(i^mmmmmm 

i!/^e.©Proc. Natl. Acad. Sci.83. 7177~7 

1 8 1 (1 9 8 6nmxm^0m(Dfctb:^mmmiz^m 
ifihfs-iii^. z.(Dm'S.(Diim^m^^^zb.\t^w^\z\t 

aSTtt;Sv\ '©:^Sic«. «tt$-&fcitl»!R-:^^x 

jfi1»©::^7X5 HDNABB?!ICffi|SI/S:2-:>©rT-AjS 
Tl!.fco -*«3j-UrfXi?U-:t5^HE?lJ©^*SSfl5g 

(rfflVi^©T, j:©;^j5ltt*S«ffi?i|*:^7X5 HDNA 

[0 0 2 5] J:©;&?£(c43ViT. ^JiS;tU:J'p?i?V':t5' 

K-y->'E^j(T;i/* 'J 3j^x7 T^'-ifjte^©*>*'E^J 
tt>f::S5&n- H-rs) ^T'^x 3 H^!5'^'-©plioAjt 
e^tt' n - - > if bTpho A«e^ (g^T^i 

gBf4tc-fe©3 H>K^J:i5^Sfc(i5>:5^A3 H>E^J 
(-JKfc 2 0 T 5 / fcMJiST S) &iiycjiiy<fc tcS 

■r*Ai»«:/^x5 H&^ssiii©se<]ai5fi©giTMSi{ 
«ijfsx> ur-ifxmm. mA^^i^mziit^ 

fSMISBrM-Stifffl^-arfco !t*«l!)ia<£_hfBW^:/7X 

^^:^Urfx5'^:t5^H*3J;O^DNAU:^f— tfi: 
fg^-r^;itKJ;0> ?t^MISSJ^gte»Lfco 10© 
JgKteM;5^e. 2 0 0 ©nD--At#&nfc. 
[0 0 2 6] :^7^— X^^'J— r.>if©^, DNAi'— 5? 

tt©*iA LfcT)!/* u 5i^x 7 T ^'-^ tf&sia-r f>3te^ 
^^wr^ 1 0 ©^sAiiM**!0^#sn;fc. jLtiE) 1 0 



^154— 



(7) 
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(D'&mm^. Th r^^'>>Va 1 ('rJ^t:)'^. 100&:(D 
hI/:tr:>*tA*U>TB«) ; Thrio''>i i e ; Ly 
s 3 2 8 >Ar g ;Va n^>Al a ;Asp^«i>Se 
r ; A 1 ai°^>A sp;Ala^°3>Cys;Thr 
^°^>Val ; -S^S#:Ly s328>Ar g43j:t;Va 
P»>A1 a : :feJ;t;P«c7:)^«^5^ffVa P77>A 
1 a^DiieJCs e r4is>G 1 yTfeofco 
[0 0 2 7] ±tajieMSS^^oy^X^ H:^n-- 

titpLlt. Tt^UX^— (Polisky) ?>(7)Proc. Natl. Aca 
d.Sci.USA. 7 3 ( 1 1). 3 9 0 0-3 9 0 4(1 9 
7 6) ; v-y-h(Siewert) P,o*H#Wll4, 3 7 
5, 5 1 4-^HjjW»;:fe<±:rX-<37>:7^(Ttakura)e»C0* 

H#w^4, 7 0 4,3 6 2Hmmm^{^n^^m^^ 
mi«(«^LrcSS«c) 
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jS*5j;r^i7PT h:7:r— *X(chroiiiatofocusing)^^n'T 

^nxv^fco Jtffitt*5j;i;^AXUXS&CDM^t^. # 
p-r:hP>^xr:;i.3}NX>'x-hJ& 
^: ) L T ^m^^^m * ^ 5S « & ^ - 

i<9 [0 0 2 9] #^n;^c*^?g(Dif«»^*5j:o^^'ene)(7) 

t^. 5^^»lg(pMAl 0 0(hbT^LTfe^)cfcO*>i« 

ymm7)Vt} U *X 7 T 5^ -if<J: D l^SS^^tt 
[0 0 3 0] 



pMA 10 0 
pMA 110 

pMA 111 
pMA 112 
pMA 113 
pMA 114 



Va P77>A 1 a 
S e T^^^>G 1 y 
Th rioo>va 1 
Th r^«o> I 1 e 

Ly s3^^>Ar g 
Va 1»»>A 1 a 



pMAl 1 5 As p^^^>Se r 

pMA 116 Ly s328>A r g 
Va P«>A 1 a 
pMAl 17 A 1 a^^3>As p 
pMAl 18 Al a^03>cy s 
pMA 119 Th rio7>Va 1 

^ ym^yjiti u 3t^ X :7 T tf 

[0 0 3 1] TJVti U :^^X >^y ^--if^a^^fflV^fe^g-a- 
T y ir-f <7:)Sil^ i L T ct:) t;1/:^ U :jt^x :7 T 3^ -if 





K« 






(mM) 




6 0 


3 0 


9 sr^eij^rei 


9 0 


2 3 


8 ot:T753^pa 


12 3 


2 0 


8 5t:T2 15>^ 


12 3 


2 0 


8 5t:Tl 0^?^ 


2 2 0 


9 4 


8 5t:Tl o^i-M 


2 0 5 


2 2 


8 or^i 






8 5 rx 3 »Pb1 


2 9 0 


5 6 


8 O'CTl 4^m 






8 5t:T25^W 


19 0 


7 4 


7 5t:T5iJ^^1 






8 5X:-c<i^m 


13 3 


144 


8 5t:T2 2^m 


10 5 


7 5 


8 5t:T2 9^>M 


2 4 0 


10 2 


8 5t:T7 4>^1 


18 0 0 


1 0 


6 st^^g^i-PBi 



5£> W^i'KS&liKft:, •en?)®Jg^^Sfc:(it^fr. MO? 



^5— 



(8) 

13 

[0 0 3 2] ^^mmmmitit.. 7y±-('vmm'r^^ 

/0> jt^-r -&irL#:;^i: t':0^**lf tl-S Jin 6 (r K 5 

[0 0 3 3] m^uMMiu. wm\zi^'^vit.<^mmt^ 20 
m^umm^mm±.\zmM.ifinTz.mzmm 

[0 0 3 4] raies-^j^^i-j ^mn».m'^tc\tm 
mumzm.mi^Tz.\mm\zmti'r^^t.iii-T;^. mw^ 

[0 0 3 5] r«iE|S«ji«, 0ffitiMtCja^*fc«^ 



!^W¥4-3 4 9 8 8 1 

[0 0 3 6] rg^iiiiRjtta, ^mmi^^^^^mMH: 
■r^(D\zm^-r^^^^m\z^<m&nftm'^fii7u-7 h 

*-r^ 1 *fctt2e^±o)i^^-r^7n-x;i'-(fiow 

- through) 7 -y-fe-f SBTftffl-r 5 J* CD»lt:^^ ^ X, 

H(dlp and read)Tyfe'l'©fcft©x>i' y:/XT--i' 
i?(dipstick) ; h 7^- -teCfcir^tf, 

y^-fs.E) ^fz.\mmf o-^h^yy >!• -(7t t Atf. 

fc450|SS^Xh'J>y7'T^^T. HffiilMO^-X h U 

•yx'osij^cDy-^+ic 1 syt^rr-NiTODBSMA^'-^iin 
Tv^^feoD ; ^rz\tmm^\z^<mi^nrc^mmmm 

-X. 4?UX5^k>H-X*fc:tt5^a.-3^, ^i^'t^g^-y 

«:/'9x^-yi?iSgiW;5:<t*fe-&sn57&t, z.n^izm^ 
[0 0 3 7] ^mmn. ^^mm^fcit^^mzmmh 

n - X * J: r);i^ n - X if) S-^tj -k;!/ D - X 
U ■y:?X + {cJ^-{c^j-iS;S-&rctiK^j;i:(©«t)«('}^ 

^?L«yjv : -^ur^v u-hu^(o#u-7-y^)v 

[0 0 3 8] mum.m<nmmm^^m^\t. m^izi:*) 

fcttsijroH'ffl^-xtistc-fSitsnHfe^bsns, 
^StiS^^tsn^jitt, mJ|Si^dseffi'^-x*H[;: 



^6— 



(9) 

15 

[0 0 3 9] *^BJtJS;^c. «*D*»S@ffl(rife^rLTti 

&n^(*ajiSAtCct5*H#fFm«^i 50,278 

^(1988^1^29 0taiS)?aiW«, ^m<Dlt}ib:^m 

[0 0 4 0] m^f^mm^'^^^it.u.. mw^'^^'ii^ 20 

[0 0 4 1] rtssjttj, -mz. ^mmi^^^mv 

mm^^^^^o um\i. -mz^m^m^{^^rc\t^(D 

iLT«, iflitt. ^jfii, jfe^. mm. 

^f$.-r^^3izmmLrcmi^mm(rcL^it. » 

[0 0 4 2] m^0^^^^. mm^-^^^^tzLimm 
mR(Dmm\t-m\z:^mm\zitm^ii\tfi\^^^ti:)-i^m 

^J:o\zmM-t^. 

[0 0 4 3] ^^mommmmit. mm^mmm'^Ty 

[0 0 4 4] 0ia-y->K'f -;;5^T^y-fe'1'(c43V^T(i. Ji 50 



#W¥4-3 4 9 8 8 1 

KialSibirLm (Bifttf (Ott#4i-«f*f^i^fc^^t-^) Tib 
tm^-r^o ^n^mm\t. mm\zm^-r^^th-^^ 
^»JcDii**<i:tx^^i|6^*ie,4^•il•r^x^es:fc■g•^TVJ 

[0 0 4 5] :$i^m(D7y-t-i\i. MfrCf orward)^. 

[0 0 4 6] $ ^tr. *^?^®iiTffl»*tt. mmum/ 
fi^m^#-^^f^-^^Tmm'^y\^-(y9-7y±-nzfs 

[0 0 4 7] :^mm(ommmm^m\^^'cm^7yt^^ 

m^umt. i^mizm^-^'firrc^mMmm^rcit 
K ( 2 ) H«^fc«ies5Si/fi^si3i8[#****^^ n^. 

iimmUM^<Di^-^\z-D\,^xm^-r^^^ \zr^ z.^^ 

[0 0 4 8] ;in&cD«g^T-y-fe'f fc*3ViT, a»(fi© 

^7 V -t-r t?tt, is^4>iciye-rsi^w^^*ti©»!$t^ 



^7— 



(10) 

17 

[0 0 4 9] TgBow«osiiS««|-c fctB«-rs J; 5 fc. 

»*-f AyT<yfe-f (E I A)tr'effl-r5 
Alio, pMAlll, PMA112, PMA113 

©--vT^- P 2 -^tg'tt* T'U >5^KSI(c<i; 0 ffi a - X h 

:7'P5^-f y^j 9u—r)vmm^A f Pii#:) 
pMAi 1 3 75^e.®T;v*'j*7,7riS'— tfas^^s-a- 

fciM A F P V^i^dT tc:fe V^T A F P S2(Sfl 

«|&f^^Lfc, :i»pMAll 3»*/tfL*f:Jg^a^*^ 

[0 0 5 0] *5!BJC0ffST;i':^JU3f;X7T:5'— 

*3j;U;ST:-ffifl&iei4in:llfei#:, a*xJm 1 9 - 9 F a b»T 

S&E I A(C'(£ffl-r-5J:t(rfSst;L&<, :::cd«-&> 

^0 -)K{cfflViSnsSS«. p-nhn7airi;i.7}sx 

h(pNPP), 5-i/DD-4-::/nt-3-'f 

x«j;V3j>X7x-h(MUP)^£Tafe'£.. MUP:fej;0; 
p N P P SR:5H Ay T ^yfe-f Ccfe V^T 

[0 0 5 1] -^^ic. mmmiz^^%^x:$^mm^-^B\z 
rnvK^m-r^ti^ ^%m\t::n^\zwL^ti^h<DX]t 

*S*±tf»*^phoATife^COg«« : 

( a ) :t U rf ^ i7 P ;t ? H O^^S : t i: Tj^^^ST 



!RfW¥4-3 4 9 8 8 1 

18 

Gene4 4, 1 2 1 ~ 1 2 5 (1 9 8 6 ) (#fig(Z)feS?):^ug 

* U 7 r^-ifmU^<DUmizM':^^>Tz, ®jte 
*«)5 0~ 1 0 0SS*f®MISfcT;«tl»a3 H>M 
i; (preference) J; t;ffl#ffiiIESKfi:-r jte^Sf^ bfc„ 
phoAaife^S-&l!e-r^fcfe. ■7>xy=^-e.c?)Gene6 
8, 1 0 1~1 0 7(1 9 8 8)(#fl|CDft:8e):2f:|giWSC 

51 ffl r ^ ) c M ^ 3 n/c ae^^ ® F 0 k I & a ffi t J 

fco phoA®eT&, ^tl^nfiS;^'?? 3iaScD2 1 cD 
:t 'J rf3? i7 U-rt^ h'-y->^SB5!Itc4^-SJL.7to Fok I 7-A 

\zii^m-^¥iM5om.m^^^':rm^\\z^Mv. 

[0 0 5 2] :t'J^^i7p:t^F®^^tt, S'-v';^ 
h+i^ h U =^^)\'% ^ Viri^ H iS - '>T y X5^;P*:X*— 

iedBiosystem) 3 8 0 B-&^«(T:/^'l' H/K:r~>X 

T-AX, y*7.^—i^'T^—. CA)-rffofc. wen 
fc:*-'jrr5?i?w^^h'&. 1 o%#»JTi"j;vr5 

;K1 0%#UT^'J;i/T5 h\ 7. OMR*, teJ:?^l 
XTBE[8 9mMhUX-3j^'j7K:^, 8 9mM>t;'? 
m> 2. OmMXg^V->i;T5>'EgiS^^(EDTA)])_h 
oy;Vm5i;^Jclll(Gene6 8, 101-107> 1988 
tfelE«$nTti5)fcj;Di|«Mtfc:. UVfe^(shadow 
ing)tCJ:DDNA^ffi«'ftL. 1 0 3m«^>f-y-:7'E?'JtC 

S«jS(0. 5MltKT>^:::'>A;fej;a;imM EDT 
A)(lml)S:fflt\ 3 7"C[CT1 6lltrBl> ^OmUfc 

3j^UT^'J;l'TS H*|^*-rSfcJ6. ^ilLfcrtUd-JC 

^7 Wrt^-H&^-i- JV^' — [0. 2 MM-fe>hk>>'5'X(Ce 
n t r e X ) 7 ^ — ; v- ^ -f t — & V a X JK S c h I e i c 
her&Schuell, Inc.,=*^-X NH)]fcaLfc, »ML 

-tt, *(5 0 w 1 )*tcS@SL. ^y^-^yT>\]-7^ 

nstruBeiits)/iaT;>h. C A] SffiViT^eSbfe. 

[0 0 5 3] (b)DNA©^D-->i^ : ±gSSgli§5^ 

n-x^ifllfCSS?^?!!:^^^^ ±?apWM5 0 
O^ilKpWMS 0 lt?ib-3&, 
[0 0 5 4] ^D-x>y^i7^-ssnialSiM»3g-e 
MSLfc, |l|?3Lfc:/7X3H(*U5 0ng)<&«14««f 
{ftdOmM KCl. 5mMhUX-HCl, pH8. 
0, 5mM MgSO4:fe=tlX0. 5mMy5^:th W h 



^8— 



(11) 

19 

\lzi=^)V) tS^L&o 2:«K^Bfsj»J»*?Stf>T 1 0 0 

(lOO/zl : ara» A [lac-proAB], strA, thl, $ 
8 0d, lacZ AMI 5)a:Sl#L/fc[lfX-f 9(Vielra) 
e.®Genel 9, 2 5 9-2 6 8 (1 9 8 2)fc|Bii®J; 
3 LT] (#McOfc!!6*Bja5#tc5[ffl-r*)o J M 8 3 
ffflUSK. -7>7^JKMandel)SC0 J.Mol. Biol., 5 3. 

159-162(1970) m^<r>ft.itimwm\-:.^\m 

if^^fLt^. *>j2m 1 ®;PUT:/oX(LB)igit&(l 1 

5 g : *5±IXN aC110g;pH7.5 $##) 
Cm^g^tlfcJnA, S^i^S: 3 7 -CT 1 B^^-f >+a.'^ 
-hLfc. •^l^-e, JKHtemL.fc«&Sorvall GL 
C - 2 B^JiS.L>Wf •r]ffi^C>4)'Iifc*Htfc(4, 0 0 0 r 
pmT5i>K)« MSLBJSMd 0 0 M 1)4>ICS!1 

^-4-;?nD-3--l'>H'JJl^-D-^f9^h>'H 

(1. 6mg)*3<i;Tj:7>fc!U>'>&-&*-r^LB'::''U'- 
hCLB^ffl/T^trU ; 2 5mg/mlTl 0 0 

[0 0 5 5] 2 l®^'P-->^:tUrrx47l/:tg^H® 
Uifco T>t!'J~»(l 0 OMg/mD^-g-^f-SLB 
tJi*fL;?5:75t5 3 7'CT^«Sg^lfmSti:fco :3V^f, 

2 ioffl>«f®«iiii&«ii?«(-r/fet>-&. -^®*?i?«75J# 

:t u =fx v-t^ HiJ-:/Bg^iJtc*fjS-r^) * y^-;i'b. 

T>-tf'J v-^S-^^-r-SLBiSSSd DCJCA, 600 
nm-T^ai^^^mifiQ. 6 5,i:7S5ST2. 5^K±i5t$ 

WT, :/-;PL'7S:-y-:/gH5iJlc:ptiT4':3®sij«otg$|^ 

2 5mM)TJii|SL, 3 7 "CT? 1 6 >+a'<— h 40 

Lfc[7P'>^;KFrenkel)e.©DNA, 5:5 3 9- 
5 4 4(1 9 8 6) IwBBS^O J; 5 1::] (#fiSfflf::J6*g«ifflS 
t5lffl-rS)„ 

[0 0 5 6] ( c ) DN Affjf^tlf A4!!l®«» : fgRfemW 

teS3»>ti^«i(i 0. 0 0 0 xgT5^>rBi> 4■c)^c±^) 

iHliRLfc, *ffiaaS:^»L, /t->:J?^A(Birnboiiii)e. 
©Nucleic Acids Research, 7; 1513(197 

9 ) (#flg®fci6*B^M#tgiffl-rs) tcBB^®± 5 ic. 

HDNAS-fei^'^Ai'a^'T F^3ia±Ti|t®lb 



!^W¥4-3 4 9 8 8 1 

[0 0 5 7] 4':3®:/-;mS(Rf®J|tSl>^^X5 HDN 
A*FokI-e«^bL-TDNAItlfM-JfA#f&#fco if!92 5 

0 M g®':/— ;i/L7t-y-::^ia^«J7''^xs HDNA<&, 3 7 

t:T2.5l$W. 5 0 0 M 1 ®^«JS(2 OmM KG 
1, 1 OmM h UX-HC 1 , pH7. 5. *J;C;tl 0 
mM MgC l2)4'T2 0 0#fi:®FoliI TtS-ftL-fc. 
T^-ftltl^ 6 'J 7^ U 5 HyjI/-hT®ft,Sc!!ltC;6i 
ft. 7 3 ig*>i^:t U ::fX l/^"?^ \^^':fU3\\znm-^ 
mW^'^^mhlt. ±EIIJiSWl (a)Cf2«bfc:tUrf 
Xi^U':r5^F®«f«(CfflVifc;&jStC*®e9{Cfiev^ SffM" 

[0 0 5 8] ilt^Fokl *fM-S:;!K(l 5 m I)*lcSMS 

bfc. 4-^®tiiBf®^n-?n®7Un-i-(o. 5 M 1) 

2:0. 8 %T:^fa-X^r-;l.±(75«^^3ci(,[C^Hj-T. 
LrcDNA®ii«Sg«^feL.fco «lfe^at»^^. 

#eti|si-55^ e> 4 . 5 j:t g ® F ok I mm^u e> , 
[0 0 5 9] {dmm±mmw •. ^m\z^m^n^mm 

ift, 2 l®[|fM-JtAtl&-&^7'^X5 HpWMS 1 8[C 
^-l-y-hLfc. ^:®S!SJilftt, -g-^phoAjte^tS 
^^phoA«eT®9i^ N-X>^Dt-3'-:fej;Dt'j5}? 
V— AiS-&8Be®ffliWT(cabofc„ 15 0 n g®BaniH 
I/Hindl I I MS^i?i5'-i:7-1'y-hr§fc«)5 
0 n g®^SfM-^fflV>&, 

[0 0 6 0] ^a®^cV^PlioA3t-KT(pMAl 0 0 
•r^)S:5«l(C#^fc*6, 4'Q®y9X5 Hi@M#)®# 
7Un-h^-&t5-li:fc„ pMAl 0 0®ffl^jfi|gtt®4 
f^lC^LTSO, -&fSSP*S!A»«T;P*U3l^X7r3' 

— v'H >jg-g-!^( 1 0^1:6 OmM h 'JX[pH7 . 

5] ; 5mM MgC I2 ; 0. 4mMTx/i>>HU> 
m ; *3±?^'l OmMv??-:^ hlx-f h-JP) 

»*'j;y-if(T4DNAu;y— tf)s^jB-rsw(c. « 

i.5wraBv:.fco uis—^mm'ik. tti^^cctcTi 

(1/50 ifxT^^u;i'T5 v)±-v^m'r^^t\zi: 
•3, ^-i-y— >3>s>E:®^T?&ft«Kbfe. ^-ry-h 

*M®#!!l*i5.. pWM5 1 8tf®^^fiphoA«e^ 

(cji^js-r^ 3. 5^P'^-x»fm *3<tmaL2r4^tc-:3 
hmtfffim^i'i^izu-Drzo -^t^T^ y-i^-hm-^^^ 

SCS- im^mmF-. recAl, gyrA9 6, thi, h 
sdR 1 7, (rk-iiik+), supE4 4, relA 1. A" : X h 

7i^v'->, ■y->v'x:J. cA)tftc?g®teiftLfc. m 

Mte^Stt. A:J-/NXHanalian)® J.Mol. Biol., 1 
66, 557-580(1983) (#,^®7tS&*BJiM# 
t^lffl-r S) (C|a«$tlfc;^}i (Ct3£oTfTofc. S C S 



^9— 



(12) 
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- 1 mm{ 1 0 0 M 1 ) ^mM\^> wfeoTj^siLr*!.^ 

fc#ij7'Dt;W>5^a.-:f(l 5ml ;7y;l^n>2 0 
5 9, :7^>yv--\'— ••9-1'X>'r I" (Fisher 
Scientific), \f.vyn—!f. P A)4^(C7' U n— h b 
fc. /3-pc;p*:/M5'/-;Ki. 4M, i.7xti)& 

1 n g©-:^?X5 HDNA^MJiSC^illL'TSiS©}^© 

^mm^mhk<D%y^±.\z2^'mm.<:f3m^ii-ot^. s 

OCSflfi(0. 9Tn 1 )*Jn;^, |*J|Bf*-r ^^a.-^- h b 
^:(2 2 5 r pmT«a$-B-;^*^'e. 3 7'CT1I^M)(S 
OCSiffitt, llSfcD, A'^? h- >^h>2 0 g. 

h-pgX=^X5 g, 1 OmM NaCl,*5j;Z>' 
2. 5mMKC 1 *-^#L. 2M«3aM«Mg^?«[lm 
1/lOOml SOC ; 1 MMg C 1 243j;tf 1 M 
MgS04]*5J;t;2Mjt3ajS»i^;i/n-X^M[lml ' 

(1.0 U 1) 



22 



*/100ml SOC]i:jl-&Lfcfc©-Cfeofc). 'r> 
^a.^—z^a>^. m^^l 0 0 0 r pmTl O^m^. 

(.2 0 0 p. i)tpiiZ¥4Mmv. yy^d'yVXb 0 tie/ 

m 1 )*^*-r^LB«flfi_hlC7'V'-5^W >ifVft, 
[0 0 6 1] T;P*U3fcX7r^'-if&-ur*SL.fc3n- 
*4itC?lSLfcBC IP(100Ml;20mg 
/m 1 ) y^Ix- h JD^T^DfcWfiWMfiiC i D 
ISISLfe. J^K«Sia^?&l|2«tC$t»T^-r. PR 
10 IE^a*Oit«S«ft€cofcs6. SCS-lMBgSpU 
C 9 7^9X5 h'DNA(am, n > h n-;i/i; LTffl 

pUC 9DNATc&cfco X h 9^ v->tCj; OIS^S 
nfcM^tt, 1 X 1 0»nDr:-/M gDNA£;l±-e* 

So 

[0 0 6 2] 



imi 

im2 

IS»3 

M;^4 



1 : 1 0*9? 

1 : 2 B^lSl 
1 : 5 Offi-Si 



pUC9 

[0 0 6 3] t>-r*^IC6':3CDJ|^«te^#:(6-:30»fe=l 
D:r.-)®^^tt|tgftcD^/^phoA]te^®#fi^^L;^c: 5<? 

* fc o t # S fe S5 1 J^S teSlT'D h n 0 )g L 
Tz. ^»Ti 6onn--^^Milteilscs- im*^ 
e>flXOtllL> A— >ijN-l'Ae>CDNucleic Acids Re 
S. 7, 1513(1979) (#M©/ti6*?^*H»t5lffl 
■rs) fcH^SnfeSnyW'T'dniiiiprep) t) 
X5 HDNA^^BfL-fco *tt«®7'j3-h*EcoR 
I*5«tt;JHindI I ITti-fbL, 43'^»V-:jS7-(DNA 
/Hindi I ISf>t> ^Xl 7 4RF DNA/Hindl 
I I »fM-*5<j:t;i^n'^-XDNA ; '^■feX^' • UU— 40 

s) ©»fn-if AtfS^*-uTt>rc<, 

[0 0 6 4] 1 6©ia!|Sf;^/^&4'^roi7D->S:mDtii 
>^^X5 HDNA^^n^WdlL, CsCl^JE 
Jb-t'MfilvfcC^ Fn7(Radloff)6<DProc. Natl. Ac 
ad. Sci.5 7, 1 5 1 4 ~ 1 5 2 1 (1 9 6 7 ) (#fig© 



DNA»ae 

(ng) 

12 0.0 
1 2. 0 
4. 8 
2.4 
15.0 
1. 0 



HP-— IS 



3#, 3 6 23 
3W, 1 24e 

0#> 5 3a 

o#, 1 ea 

6 8a 
~2 0, 0 0 oa 

a^Sa^JT'^'f T-Sffl ^■y->:»- ( S anger) 0>^5^ 
:^4^v^fe['y->;*/-^., Proc. Natl. Acad. Sci. 7 4> 
5463-5467(1977) (#fiSC0fc**B^aB«tC 
?lffl-rS)]foil3«i|Sf©5'-i7X>'»i^*fT^fco 4 

ow'T'^TrotSiPWInjDaSd 1 9 i-fttcfetj-sc^ 

T, 1 2 2 0fe(C*3lj-^T-*Ci5<J;aCi 3 3 3ft|ci5tt 

sA^G)s*LTv>/t. m-cD^s«-y--f k>h-r^ 

JSDO^fbliVa 1"'>A 1 a*5j;r;CS e r 
Alio tSL-fc. 

[0 0 6 5] ( e ) ^wim^m±mmf^<r>mm. ■ w^moYi 

oA3teT(pMAl 0 0)S*«a:LT;BV^ -ewa® 
DNAftgtSrSeKLTto Sa;^T, 6 © 

T;l':^?'j3^X7Ti5'— ifb, TUlEco;*:)»«T;P:iiU3}>x 

fflT?ab-:?fc, ^^£lfi3!plioA«eTSiSIM-r-Src5&> 

p MA 1 1 0 ^9X5 Ftf^tc^^-rsaefKj^s^^^a 

■J\^x, 2 4 6lSaMic^^;j;-r^Bgi i i /sph ilffM- 



^0— 
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[0 0 6 6] pMAl 1 Or^^XaHCifQl 0/ig)*l 
y.^MM.W^iS.{ 1 0 0 M 1 ; 10 OmM N a C 1 . 
5 OmM h 'JX-HC 1 , pH7. 5*5j;tXl OmM 
MgC l2)tt>, 3 7'CfcTl 6^W, Bgl I 1(7 5* 

mz. 1 5 OmM N a C 1 tcJSSD3-&, -hfB 

DNA5 3 7'CTl 6^m> Sph I ( 6 0 S 

^ 5 u 7^ u ;i/T5 Hy;K i / 5 O k*X - u 

;i/T= H)±-e«Mb. «K«(3*SSCT1 (a)tclH«0 
:;^^t:tieo TD N A ^iftmbfeo 

[0 0 6 7] ^DmUfcSSBgl I I/Sph I m^^. 
Bgl I I/SphI»fM-(2 4 7tt«^W^S;^^)©^^E 
^Jfw^ifje-r -5 3 U H (^tl^' 

*?J8 Oii»»fi^)-pBij|L.fc. T4DNA4^:^- 
•^i3.om&; ^tx^ • UtJ— 5^ • 7#^hU-X, 

^^tUrJj^^'k^t^H* 1 X7-fy— >3>ig«?9c(l i» 
5tf 1 ; 6 OmMhUX-HC K pH7. 5, 5mM 
MgCl2, 0.4mM ATP)it', SYXZl^SO^ 
K=^^:J— if L [ U 5^ V - F V X R i chards on) e> . 
Proc. Natl. Acad. Sci. 2, 8 15(197 l)(#Sg® 
fcJS)*B^«i»K?lffl-r-5)], 7 O-CTS^j-M-f 

ViT, Tc::-;Hxfc-g-*fi:t 'J =f5C H & 3 . 2 4^ 

mz±m:^mz^^^ tc-ji^. #5nfc-&*(ey9X5 h^m 

Z 1 3 b1&*ifiJi&4'lci'n-->>f Lfc. 
[0 0 6 8] *«J2 0 ocD^fena- — t 1 2 0©afe3 

t±ta:^&(ctJ£oT3-:/l^:/DNASs^S!L'fc. m 

«-r-^T»^l!©phoASlJ[|S#LTlifc. 3c^«3j;at 
ffiST;V^rU5f?x:7T5'— l?*^e)#6nfe3n--oe 40 

[0 0 6 9] mmm2 

gijf -Sfcii, ^^plioA(©^|gS:«ii>$-B:;5i£^M*^'$,o 
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iirS H phoA©'>^'1' >-y;l':tf;l'y B33^J(GGA 
GA)*i^«IH^'ljTMML, BC I P»®*||tiT»fe 

[0 0 7 0] ^^'j3j?v-A»g-&aiJf4si^*-r5fc*, 

pMA 1 0 0 (1 5 A£g. *SSW1 (e)A>e.)&l 
iSSrrfStf, 3 7 "C-ri 6 B#K, BamH I( 7 5 W*)T? 
if-ftLfco iiSS^l 5 OmM NaC 1 iCtUnS-B", 
;i®DNA^3 7'Cn 6^IB> Sal I (7 5*(S)r:S 

:t^]f^m^^^z.t\z^io mmmm^mmmzj: u mm 

1 , 0 0 0 c^i? D->;5it#5nfeo 

[0 0 7 1] *'*'ti»vi»e;Oi€.+affl»esf ©3^ 

©n nr:-S*»IL, ^MWSciliS^J 1 {CB3i!E©7'n h 
a-;HcS!oT7'^X5 HDNA&39«Lfc. #tt^|B^-^f 

i*, 5ISe^(c||Jffi«s| 1 tc|B«©7'P h=i-Mz%-oX-^ 

?iKteSI*tt( 1 ) U 3j^V-AM-&ai5fe;5t^^(C^*bT 
SfclS(2)|3mTGGC^fe«CAATAS: 

^^Ita^LTVi:^, ATGGC'J:!}^y-Aiie-a-ai5*lrtC 
Mm-r^UmtMhrn^^W-^^^h. pMAlOli:^ 

L7t, ■:3t.i-t?. it^g^*^fii:^■a:sfc^^)^e.^cphoAjS 

b:^c:^^phoAS:-g-tJpMA 1 0 1 7^9X5 H Sll 
[0 0 7 2] glMFJS 

^^T;l'*'j3j>x7r^'-if®^j^«ail5g : r;P*'J 

3j^X7Ti5'-if©J±ftttSia;'c^-a-^fci6, »*0fStt 
gB'fe, *fe«««^aSS e ri»2:^^6l5l 0 A~^2 0 
AKf^©m*S(cS§^aS^^£§I^S2:Lfc, g^^'^S 

Asv"". Ala^o^ Th ri^'^Jjct^L y s528-^^ 
ofco T^y^VaP'. Thri»°, Asp^''^ Al 
a"='*5j;aCTh r ^ ° ' «ftfi!*S*© S e r iCiStifc 

s' = «t>B«i$n. mttiE(C#«bTViT. »^© 

[0 0 7 3] VaP\ Th r^'^cfeJctXAs p^'iys 
/K©?§^^a^^H. pMAl 0 l©SnaB IMK^ 

mz^»?,mm^m^^mmzi:Kim\ Lys^^'© 

S?^^S^^«Cla I aKgg|5&tC*3V>Tff ofco A 1 a 
i9':fe±r;:Th rioMroViTH. pMAl 0 1:^^X5 
FSrSnaB I *5 ir/EcoR VTS-fbLfc^tS^ffi^^^ 

aii^sfrofc, ■^f&^'j:Jy^{']y^^}^\tmmmiiz 
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25 



26 



It, 

[0 0 7 4] ^m^fmw,mm(Dmm^^bmm±-^'& 

Biil^ST 5 /KB#i&^tf a- >w 9-1" U 

tz.o pMAl 0 l^^'^-(2 5 Ong, Slig^2*^e,) 
^SnaB I :*v(9 9^, 1 0 0 -fii^ itX 1 0 1 -fetO^S 
Claldi(3 2 8ficD^S«fcJ&), *fcttSn 
aB I:feJ;rXEcoRV(l 0 3fi:*J;rJCl 0 7iiL<Dm^<D 

:t'Jrfp?i7P:t5^h'(l 0 Otf3^;i/)S^g^L, 100 

h:^jM83iiiffliia(5O0Mi) \zM^-fiio mmmmm^ 

^i-^ffeva -yi'S^^fc. LBiS*(2. Oml)£#a 
!|Bf fcJU;^. ISilSf S: 3 7 X:-e 6 0 ^^-fSl' >^3.^- h- L 
fco «IBJia^3ivii.i)-«llcJ:D'^Vy h-fbb. LB»*(1* 



10 



1 ®T>tf>'>J >:te=ttJfl. 0 M g/m 1 COBC I 
[0 0 7 5] »econpr:-^S*^L. axyi/T'DN 
[0 0 7 6] 



pMA 114 

Va P«>A 1 a 

pMA 1 1 l*5<i:t;i 1 2 
Th rioo>va 1 
Th rioo>I 1 e 

pMA 115 

As p^"^>S e r 

p MA 1 1 3 

Ly s 32 8>Ar g 

pMA 116 

Ly s^2^>A r g 
Va P«>A 1 a 

pMA 1 1 7iDi:ZSl 1 8 
A 1 ai°3>As p 
A 1 a^''3>Cy s 

pMA 119 

Th ri''7>va 1 

[0 0 7 7] msmt. m^hrcitm^^m-r^mmr 

;^c^S#:T*^/co pMA 1 1 3 (Ly s^^«>A r g) 



2 6 0fi#fi GCA:GCT 

3 8 omw& 

3 6 8 OSfi 

2 3«#fi 

3 1 6 

7 eefe 

1 3 0«»fi 

2 6 0*#6 

4 2 0 O^fi 
1 l««fi 

3 2 0»#fi 

1 eefe 

2 7 0g»fi 

4 9 O^Wfi 
1 3 4 Oafi 

2 3liWfi 
1 4 l«»fi 
1 8 Oefi 

1 5«»e 

8 7««'e 
1 6 eefe 

trfflV^ifcp Tzt^ll. pMAliett. PMA113:/ 
[0 0 7 8] j|]!fe^J4 

50 UvisX:7T:5^-ifco»*5$ftift^^^-r^f^s6. ^^i^;^; 



GTA/ATC 



TCA ; TCC 



CGA ; AGA ; 
CGT 

GOT 



GAT ; TGT 



GTG 
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>"J >( 4 0 m 1 ) 4»TCD¥— n a <Z)— S^^MTfe 

nTVi^[V:^it::i^(Magasanik B), 1f • I — 
X-:t^P>(The Lactose Operon). ;i/F • 

>^/\-;t-. NY. 1 8 9-2 1 9. 1 9 7 0]]o « 

(4, 0 0 0 X g)(C^^tt. ±®^?g^^T. Al^^yh:^ 
LBJSa/T>b°vU>(4 0ml) + rcH5iau;co L 
Big*/T>b°vU>(2 D^AtlfcG l§:^^Xnlc 

TffoTt. 6 0 OnmTl, 3-1. 4or)3t^!eK(caL ^ 

mw^mmm^^'b^mi4 s o o r pm7?2 

0. 1 5MhUX-IIC llgaflK. pII6.8(8 0m 
1 ; 0. 9%NaC 1 *5<i:i; 6 mg/m 1 (D^V 
>B^^)4'}C!lSLfc[x;\*>X(Evans) the Jo 
urnal of Infectious Diseases. 13 3. S9 7 
-8 1 0 2 ( 1 9 7 6)(#fl8cDfc56*93iiW»fcgifflT 
^)]o 3 7T:CD7K?g+T7~l 0^r^^>4^rL^--hU 
fctt. «)ia^jS^i>^>«l(8, 0 0 0 XgT5ij^M> 4^) 5^ 

[0 0 8 0] ±tE:i^U^^i^>Bmttimz4X:\ZXmi^ 

#6n^ca:^^^.i:>4J^gi(8, 0 0 oxgTs^j^M. 4 

^)5cJ:?)|lIiKL, 0. 0 2MNUX-HC I3gafl£(p 
H8.0. ImM Mg C 1 2^^)ff'{cS!l®Lfco il 

(Duncom^^o. 0 2Mhux-Hc immmvn 

8.0. ImM MgC l2^*')(8-l 2 DtcMbT 

;l/8 0 5 0. ^>A*-. MA)S;SV>Ta3pf&5-l 0 

[0 0 8 1] P HR5/5:^^A*5j;^#UA*-/ 
:7r-74*3j;l[;96(v'^^V- ^^:h;v • *>A- 

ii>h;i/-rx. MO^m^^mmi^y/^^m^^u 

V hi^^7 vX^A(>'t;PvvT. t:X:^5^>^x-r. 
N J ) _hTT;V* U 3}^x :7 r ^co^ :7 :t — * X 

i^DV hi^^ v^-Y — ^ff-:>:^Co *^A^0. 0 2 5Mt: 
X-CH3 COOH(pH6. 9. ImM MgCl2^ 
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(pH5. 5 ; 6%[\/y]^^J/^yyT-9 6. 6%[v/v] 
#UA*y:7r-7 4:fecJ;r/lmM MgC l2'&*)T^^ 

5. 5 0lMapHi^jiB?i>^#^n. fttt^'^A^StipH 

6. 3-6. l^SKLfco 2 0mMhUX(pH8. 0. 

ImM MgC l2'&^)tpT¥«^t;b7t-k>^r5^:y^^X 
G-7 5 ±X(Dy}mM^ u^h if yy-^-\z^r)^ ^ 

u;^yyT-^um^^m£vrco n^ntcmmun 

[0 0 8 2] ^jjgllS 

^ )Vn.^%Wl[y J^^) (Laemmli, U. K.). Natur 
e. 2 7 7. 6 8 0 ( 1 9 7 0)(#M(^:?t6^*?gM#5c5[ 

A*>H*t^^n, c:n«^#:coaifi3^>A^^!a©9 8% 

K-b^Aie)^^COT^D. 4 6, 0 0 0:$^;]/h>(7;Pi? 

U:t^7.yr^ -if<D^ J ^-\z^m^n^^'i X) o:>^ 

ISar;!/* U *:x :7 r 3^-1f (v'i^'T) CO fee?) ^ 

[0 0 8 3] #^nfe^s»^(^5SSSIS:(v..x43iri? 
K.)(7)Ste^. »^SSpNPP(>-i^v)43<t;t;?4-^ 

^;p^>'^U:7aiU;p5iNXya:— h(4-MUP ; ^— 
U >;^f— • ■T>A-r A. >5^^y:^5}^UX. IN)& 
fflV\ IMhUX-HC ljH»?S(pH8. 0. ImM 
MgC 1 2^*) 4^. 2 5t:TfTo)^c:o h^L— l/^y^-A 
^>*- H (Hewlet t - Packard) 9 1 5 3AUV^J^^^S 
If^fflV^. 4 1 0 nm(£ = 1. 6 2 X 1 O^M-^ cm-i) 

X(r>mtM(fymc^'mt^^ ^: <t p n p PX® co 

p -X hny^x/— ;l/^COS*^£^X^ — 4-M 

u p WKti^ ^(D^ ^)v^ >^ u X X p y<DM.ti^^wm 

T^X:$'-Lrc(Ai!ie=3 4 0 nm ; kWLM=A 6 5 
nm ; £ = 5 . 9 X 1 0« M'^ c m-^ )o « 

ffl0 5 — 1 0 %c7)HiS(r >0. 9 9 Dt^^ifyyX^ 

"^hfco ^--^ikoyy^y^^n — n-i^-fuvVt^ 

e>kc«t*5<J:tJKK.1i£S:#«:o 

[0 0 8 4] «-»«30>&t#e.nfe«s«^^4«ici^«) 

T^-r. »«<hUTpNPP^j;r/MUP^fflV^. t--^ 
T0^SPlgtl^«JOT;i/:^ U *:X y r ^-M^ n fejg 
V^tt:?gtt&*bTV^&o pNPP^fflV^&^^TS. » 
*j:tffitt<7)iiJPJi 1 . 6-3. 9fg_b#(?)|BHT^ofcc 
K.«fi^Sy*xX^ FpMAl 1 ^\Z^r)M^-^nTc, 

*f » tr S^t;*^;^ ± « t)"r}5^ tc_h# L ^cih* o 
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5 6 



pMA 100 

pMA 110 9 0 

Va P7^>A 1 a 
S e r^^^>G 1 y 

pMA 111 123 
Th rioo>va 1 

pMA 112 13 3 

Th r^<'o>I 1 e 

pMA 113 2 2 0 

Ly s328>A r g 

[0 0 8 6] »«cDi^S^tt^Ttd:^^4T«Sl.;^c« «^ 

ai^Sr, »iSJ§?K(2 OMg/mK 1IIJ|R|S«<7) 0 . 0 2 
MbUX-HCK pH7.5 4^Tl®S. ImM Mg 
C 1 2 ^^*) ^^fij!JDS&:/D :y ^ >^3.^- h 

a5pf^S»3Wl:iBtDmbT2 5t:TT>;^ir'l' t-^^l 



(mm) 

3 0. 1 



2 3 



1 9. 8 



2 0.2 



94. 4 



mg-i^>-0 
10 6 

18 2 



1 9 0 



2 2 9 



2 17 



(/xM) 
9. 3 

14.4 



1 0. 1 



10.2 



4 7.7 



T<D«JjaTd>75:< i:*30. 9 7 OffiM«ic)(^t»e>nfeo 
8 5t:*cfcr;pH7. 5T<^^'::)*>ooT;l/*U5}^x:7r 

[0 0 8 7] 





pMAl 0 0 


pMA 111 


pMA 112 


0 


10 0 


1 0 0 


10 0 


3 


10 2 


9 1 


7 8 


6 


10 2 


8 2 


6 0 


9 


9 6 


7 6 


5 3 


1 2 


9 7 


6 9 


44 


1 5 


9 6 


6 3 


3 9 



[0 0 8 8] €-^S»^(0|^;^(^P^^g*^||6«{C^ 

PMAIOO 9 5 

pMA 110 8 0 

Va 1377>A 1 a 

S e r4i5>G 1 y 
pMA 111 85 

Th ri<'<>>Va 1 
pMA 112 8 5 

Th ri"«> I 1 e 
pMA 113 8 5 



[0 0 8 9] 



0,126 



0.100 



0.031 



0.062 



0.064 



5. 5 

6. 9 



2 2.6 



11.1 



1 0. 8 
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Ly s328>Ar g 
pMA 114 8 0 

Va P5>A 1 a 
pMA 115 8 0 

As p^°i>S e r 
pMA 116 7 5 

Ly s328>A r g 

Va P«>A 1 a 

[0 0 9 0] jiMfflje 

S : ^SS^pMA 115(Asp^oi>se r)^^XS 

jS^Sic (K. ^^nw^ a X ) \z^\ir p H co^#^ilteb 
;to a^t3:4-MUP&SHi:UTffiV\ 2 St^Tff-:? 
fco ba.-!/-/ h-A°^y;^-H9 1 5 3 A UV^j-^t^t 
fttf^^fflViS 6 0 nm-^<Dm^&(Dmtwm^%m^^ 



32 



0.040 



0.051 



0.138 



1 7. 3 



13.6 



5. 0 



8. 
8. 
9. 
9. 



1. 09X10^ 

1.4X10^ 
1. 62X10^ 
1.65X10^ 
1.67X10^ 
1.68X10^ 
1. 69X10^ 



*(pH8'-9. 5)£fctt5 OmM>??:tXi5^/-;^T^ 

10 >(>-if N^)(pH9-l l)*5cfcti^NaC 1 izyif^)^^ 

. a . ^ i; xsK^ mt. 6 - 7 .4^co ^ > — 

)»WT;^;t>U4^xyr^^-'ifJc-^v:^Tt5l 5 o o o 
^Vl/h><Z)^i'TM. pMAi 1 ^T)Vf}^}^7.yr^— 
M\z-i\^^x\t^ 4,0 0 o5^;i/h>c;o4i^^fi^^n**n 

[0 0 9 1] ^l«(SS^LT4-MUP^ffll.^;^cT 
5 0 mM h U X * it? U 3J^X :7 T tfcoitS^SclcSit^t" P HcDj^S) 

PMAI 1 5 ^Mig 

Vnai kcat Km Vnax kcat 

(HW^) mr^) (/xM) (/xM/4j^) mr^) 

11.4 30 7.9 48.4 303 

26.5 69 18.2 58.7 367 
66.2 173 43.9 91.9 574 



(mM) 

3.1 

6.7 
50.3 
410 

1660 
3520 
3630 



176 

262 
284 
239 



10,0 
10,5 
11.0 

[0 0 9 2] W:*CO»5g^C43ViTKmfi43ctr^'kcaiflt 

i^^fcpH«SHc7)t5fS^pHttHTpH<h(ht)(Cit 

T;I/;^ U 5jNX >^ T :$^-if c7)KT kc a t cZ)^S7&^'Mfe/h$ 
pH 1 0. OOOWfTTafe^o e:0pHT»'j7>- 
IISWS^«^S:A:)!iffi»^J:0 1 . 6 5»^S 

VMCl-^Y^V^o pHl 0. OTKaffi}0^«;^L'Tt>, 

TV^^. pKPP«M^fflViT^«(Z)*^^*%WO» 
M^i:.XS^m±mmr)VlJ U *X >^ r p M A 1 



459 

684 
741 
623 



111 

348 
4762 
16600 



140 
181 
632 
1116 



875 

1130 
3950 
3980 



40 



0 0)tC'::)V^Tffof^:o pNPPX®cop-z:hn'7x 

J—)V^(DM^^. trx — l->y h-A-/*— H 9 1 5 3 
A UV^^^ftft^>H(.^4 1 0 nm-a <DWL%m<Dm\: 
(£ = 1.62X1 O-^M-^ cm-O^i6»-r'l)il<t(cJ:0 

^n^-Lfco ^n^mm(D\i.nxmzmttv>n(D^ 
fif^, p H 1 0 . 0 \z^^^xm^mi<.m'my )vti u *:x 

:7T3^-ift'Jt^T45j;-5'3 efgiiSd^ofc. 
[0 0 9 3] m8« (a!g<hbTpNPP^fflC^^fcT;P 



T;i/:^U7i^x:7r^-if<^kcat 



PH 


pMAl 0 0 


pMA 115 




8. 0 


8 


3 5 


3 4 5 


8. 5 


1 0 


7 8 


4 8 0 


9. 0 


1 2 


154 


7 6 0 


9. 5 


1 3 


2 5 5 


10 0 4 


10.0 


3 0 


10 6 8 


2 113 


10,5 


3 3 


9 4 7 


4 6 7 5 


11,0 


2 8 


9 2 7 


7 17 5 
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[0 0 9 4] pNPPt*ViT«iKSn&ffl[B]«. 4- 
MUPT#^nfcfcCOt!g<HLTVifco •tfS.t>%. k 

= .tfittpH8*^e> 1 OCtDnXJiWb. PMA115 

«ft*««/hi:3S:-50«pHl 0. 0 lc:feV>TT*ofc(2 
fS<DMIl75^&^). kc.,tt{i^^;tlia(pMAl 0 0) 
ht>i^m'^7}\^f3 U 7 T ^-if iCDWT^p H«gHI 
{r*)fcoT;*:-^73:MS3&5#ffiU, pHlO.Otc^tiT 
fekc.tfii^? OfgCOSS*s$.o«:. pMA115»'j; 
-»liW»*tCjt^TpH 1 0. OTWkc.iO^S;^)^ 0 Ji7 

[0 0 9 5] 

Q!-7x hy^D-p^-oo-y-^H-f yg^E I A(rfett-5^ 

^S»lN(pMA 1 1 3*^&©TJI/*'J51^X>'T3'- 
■y, ^S6«si3tcE«»J:5fcbT||«)*j:r/:*yi/p 
-:^;l/^^:A F PS#:*S'Jlc®at-5 ^ t tc Jc O > W*M 
^Jn:AFPiT;#:S:p®U7t, N, N- v'^5^;i/;J^;|/AT 
5 P(DMF)*0 5 Ofg^;i/iiSICDm-VH-3 H'O 20 
y'f;l'-N-t: HD^v'X^^v'WS HXX5^;KSM 
CO*, lMU>K^«^(pH7. 2. ImMMgC 

—too. 6mg/m l^JRCmfc. 2 S-CTfSNflBJ 
K*&ffVV ^CD^, SMCC5a31S«^S4'CTl 8Nr 
0. lMU>KMW^(pH7. 2, 1.0 mM Mg 

[0 0 9 6] 0. lMU>i6^t(pH7. 2, l.OM M 

gC l2-g^*)4>C0 5. 8mg/m 1 irLAFPST:#:SiS* 

5 0 0f&^:;i/3gSlJCD2 --1"5/^:t9>-r2 S'CfCTl 5^? 

lMU>l|iS««(pH7. 2, ImM MgCl2-&W) 

[0 0 9 7] ±|HSMCC5!lfi#*S±fB5^:t-;Hbtl 
AFP»*(C2 : 10^;i/Jt*5j;t>'lmg/m 1 ^5'> 
/li'KiiatTlinAfc. 4'CfcT4KfreK*£:^*fc^. 
N-X9^;i/Vlx^ = H(S^«ftO. 3mM)*4t;iCT 
3 o^^-Paian^. oviT2-^;i/:^r7'hXi5'y-;K*i^ 
iSSl. 0mM)S4'CtT3 0^^m^^z.ii\zi:r)'^ 

HC ia«M(pH8. 0> 1.0 mM MgClj-^*) 
(Cjt#LT4t:iCTl S^r^^tffLfco 
[0 0 9 8] T5p>y M Mx-AFPTy-fe-1':/D 

timCD*®tt, 1. 5Mh«JX-HC liSffiat(pH8. 

0, ImM MgC l2Sr-^*)4i<» 1. 2mMCD4-M 
UF£$^TV5fe, itay-z-fe-f^^-y h;0^5)CDjg^ia* 
#«?«flif?«-e»SS/Sl#:m*KaSftii^S« 1 . 3 M g 50 
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/miiz^mv. -^i/^-cariaL&co. 2 mmi«)o ^(d 

A F P {rL#:ft*tt3l * W V^T#fc«i|Sftl8 fe* UT * 

UMtmo. 8 w g/m 1 -rfflt^snsotitttLT, 

*S»*/tn:#:fg^li«tt7 sz-fe-f (C^feV^T 1 . 3 xi g 
/ml fe«|£ViS^TffiVi^r<t*i'T^-5;ia:*^'^Sn 

[0 0 9 9] mmms 

ffiST:M®-y->F'f -y^E I A[c*tt^^ST;i/*'J*x 

fr?&^aTJl^;«J'J*X7r3'— IfT^^bfc. pMAl 

1 5:0>?.C5SST;P:^/U3}^7;7Tr5'— fe*(D^?S(0. 6 ix 
g/mK 0.1MU>K^«^, PH7.2+, 1.0 
mM MgC 12-&W)S, a-^;i>(ClHreL;**^?>4 5 0 
»*;W3i*J«2-^3yg^:t^>-P2 5'CtCT3 O^J-ffl 

i^«}$(pH7.0, O.lMNaCK l.OmM Mg 
Cl2*^af0.1mM ZnC l!-^)-^^*^!:^^-^ 
7r5=>yi7XG-25*9A(lX45 cm)±-eSilii 

[0 10 0] mw^Vi^. m-^mzmn\yumj,. 5 0 

fg^ JViUfliKDX -> 5 4 - (N - T W 5 F 

p-h(3 yfi-) (.-DUY {m.mmm.1 

2 5t:-I?3 O^i-felSJ^i^Ufco Z.(D 
UPt^, 0. lMU>KM»?g?(pH7. 0, O.IM N 

aCl*5±a:5mM EDTA^*)T¥IS-ft;U&-fe7 
T7'tyi'XG-2 5*5A(1 X4 5 cm)±m*U 

[0 10 1] ±lB^:t-;Ht:^ST;i'*U*:x:7T;S'- 

■fe'&_hfa^Stt^t:ifL#:»f>ti: 1.5:1 (D^JWc-^U^Xy 
fee COM)tS?i^tl*2~8'CTl 5ll#P^S^*MCialte 
L, N-X5^;p-7k'f 5 H(^$lfiSO. lmM)Srj!lP;^ 
TS)SSf?±$1i-&. 2 5'C7?lKfre«, iSi|Bf&hUX 
-HC 1 Mff?^(2 OmM, pH8.0, l.OmMMg 
C l2^*-)tCMbT4"CtCTl 8^^1^«TL-fc, 
[0 10 2] ||Re«)(-|IJ60!l7tCfEl«©;^Sf-tfeV\ # 

JiiSS. 7 w g/ml tC#»?L, JSMLfco «SK)tC« 

mm 7 \z%m.<D:f3m\zmK icDfgs^isais:-y-> n-f v 
ii^ft^^Lfeo ^8st{i*fc> mmizh-zmmiyt^L^ 

vP^T;!/;^ U 3i^X :7 r ^'-if/StfrWn-fg^iS^ST 
y-fe-rS^l. 6 4wg/ml-e^V^T#6nfc:^2Ptt 

E I K\zii\^^mMii^xMmBm^m^^tdfi 



—m— 



(19) 

35 

[0 10 3] mmms 

\z^'DxmmmmsiA¥¥i!i^^muvt^o (Dpma 

1 1 0 *i e. (r)^m:T)Vij U 3i^x y r 3^— if 0 0 . 6 /x g 
<SLS:5 0fg^:;HlS(|CD3 0-Ii[TU>*-(DMF© 

[0 10 4] Jg^^^©iSi:^ffi^t;®sii#^{bSrji»-rs 

t:7>'lliWT;i^*'j3f:X7r:5'-1f/iriAFPin:*t:Jt*K iO 

mmm/mwm^imxnA b'cxt^rmz2 0 umz 

[0 10 5] jlJiMl 0 
fdO l':3<D*ffi->X7-f>aSS*-r^^a:^cllBTJl' 

(4, Slli«|7:feJ;yf8lCiB«ELTafeSJ;5;iS:2-'f5y 

mm\zm-x-r^>SL^^^fs.<vrc, #enfc#swiS'&^ 

35tje;:;5:iii^^^j:V5, 40 

[0 10 6] mwm\zmmm'i\z%m.<D^mz^'Dxm 
m.(Dijmzm\ m-Tu-f^ H^>y'f;i'-N-hH 

p^^v'Xi7'>>'f s Kxx5^;i'*&tt4-(-7t"f 5 H 
^mzm^^'^tc. 50 
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[0 10 7] m&mi 1 

FoklS(V>5^y^:fej;t;t:[HiJ>i^, Gene, 6 8. 1 
0 1 ; 1 9 8 8)S:fflViT3 Q-t^)::i-%i'V't^V-f^^ 

iS'T-1f«eT©^«^X3.-;Kmo(lales), »[«BB5& 

->'ffc$n^o p UC 7^7X5 H!c#ftf?)M 

©S»fic«eiS5 0%*t|g^;5inT2b5J:t, ::^7X5 Hco 

■y--f x**^2 0 5 om.^mzfh^<isi'DX\^^z.h. 

Of /3 - ^ 5^ iS' v-ifae? *5 1 ac Z ©fM-cDM>!;tZ)T 
S. 

[0 10 8] (b):/9X5 H®IStf: 

-a^ e^n^^nrcmm.mh-(Dmi^i^i:zmn^mmzr^ 

(ri7D-:::>i^-rs«^fc, -g-co^coDNAtlffroiJ-:/ 

Sc 

[0 10 9] -&fi£7'9X5 H&3:3CDSiJ©:^3-fe:-y htC^i" 
Jtfco ^— fo, pUC 9 (lfX-r5:fej;tX;>t5/>'>i^, 
Gene, 1 9, 2 5 9~2 6 8 ; 1 9 8 2)/5ie.©aMM 
S&.'i^, y^9X 5 H4'CDori^iS^«^t"-5DNABB 

A I I C5p^©«!«:/9-1'V-««, :fej;t^-€-n^n© 
■/n^:-^'— /&t-g-^nTV:>S(#'JX4^— , Maximizing 

Gene Expression, U-X'-a^'ji, /liS'— "7— X, 
iJ^XhX 1 9 8 6), 

[oiio]||-(r, puc:/^X5 K®/3-^i'3'T 

14, pUC 9 tfJJC^&SnS^^SP 3 T'o^-^-L:/ 
Dv''>X(Brosius) f), J . B iol. Chem. , 2 5 7 , 9 2 
0 5-9 2 1 0, 1 9 8 2]i5j;afgi(;fj;^7r — v'fdjt 
e^VI I Ite¥iS'-5^^-5'-[^>y^'(Beck)e„ N 
ucleic Acids Res. 5, 44 9 4~4 5 10, 19 
7 8 ] ^■^^TVifco ori^i«t«3fefflg6?IlC, f|0*^®M 
Pg8Efe&I^*-r S il i D /? - ? ^'T— tf ©X 1/ 
rt^Hffi^JS^Afco fcViTV^OJS^d le«^>Va 
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[0 111] llHtC. p UCCDa-ffi|fW(complementi 
ng)lacZjieT'»rn-fe*rc. ori^^^^JclXT^tf^^U 

* - 1 L ± t^^:^i%MBt'&^ ^ M t LT 

^(D^^n^^^mmcDW^^conxmc^sbm^commm^h lo 

[0112] ( c : jte^-g^^^cOFok I fe^ 

tBO<i:5tCUTpWM5 0 om^D^yT.^ H + (C^D- 
r:>4^Lfc(V>5^-/=»-*^j:r;3}^U>i^. Gene6 8. 1 

0 1-- 1 0 7, 1 9 8 8)o T^^X^F^fflfSL, Fok 

^<Dmmmu4z)(DmmMmm^^/ux^D. z.ti6^ 20 

Ztl^mY^^^^^-Y\.. SCS-1 
n>t:7^> h^HJSLF-. recAK endA I . gryA 9 
6. thi, hsdR17. (rt-, nik+)> supE4 4. relA I 

x-^^\zlrm^m^r:L. wm^m^rzMm^ry\±'y^} 
T V i ^ » 0 ^ * # b a n n - ^ T ^ ir: ^: ^ # 

30 

[0 113] ^-fy-i/a>«. 2 5©-r^T(^FokI 

#:/&^#e.n;^c(s c s - 1 mm<j^±-^(DnmMmm 

n.. 5 X 1 o^JfflJia/mgffi:;*:3-r;i/pBR3 2 2<i:D 
fe:t^;0^t3fc[3pU/t— (Bolivar) e>> Gene2 : 9 5~ 

1 1 3. 1 9 7 7tcE«])o 

[0 114] ^8BT3::5cr)r3u:n— ^>^I/-h;O^^S(D 
val I WK/^^'->'S*L'Tl'^fcp i7n->^3cDm 40 

DNAffi^lJfltM^ff-^^fcp ^SKTl 6 5 9(7)iSaMCD5 

^X^ H^pWM5 1 0 tliiLfco 

[0 115] :/^X^ HJ^f^O^^-SPST^S, ^4 01^ 
^TFokl 8ff)t^fflV\ ^^lacZijir^y h[i^X^y>^:x 
-^□XYanish-Perron) S). Gene3 3:1 0 3-- 5(? 
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1 1 9. 1 9 8 5]^pWM5 1 OcOEcoR IgBetCi? 

lacZite^Sffit. trpAte^^-^^-5^-[^UX5^ 
— (Christie) Proc. Natl. Acad. Sci. US A 7 
8:4180-418 4. 1 9 8 1 ]*3±r)^^fiS^^^ 

^&<^SInaISB^4^^^TVi;rco ii(7:)^n-->:^(cj;D 
y^X^ HpWM5 1 l^t^i^nfco lacZ^ir^yhtt 
EcoR I HSipWMS 1 0 4'fC2OCQ;5^fn]CQ^'^CDt'iT 

-tfmRNA^fc[3:RNA I I iilSj D^^f^OtCllac Zfe^* 
f4^5!3KT'5i?n->o^^lpIJRb&(«i^Ufc2 Oi^ 

n— >:^>^)o ^nJ0;^. pWM5 l l +(7)lacZM*^^ 

iteT'&^c^ F ok I }£cD^ D-r:>^^^i7 ^ LT-^ 

V— ifjieT*COa#COFokIffiftt)^f^^Sb^c:<, ^ 
<^#S'J<^*?£t5v T^^X^ HyO^^/h^f^jteTSffr^F 
okl T-K»rT^(i:l'>'5ISafca::^l'^TV>^(^T. T'^X 
^ H't«<Z)t'<^«BfffcfcFokIg|5e36tj¥«L;^Vi^li:*t/h 

^;feFokl8if)t(Z)5fi»^#^tc^Mtc-r^o FoklSES 

l8S!tc^f5fft^^> Tr p-Me t T^/KiE^iJ^X^ 

fee ^0^(7)v-i7X>>^>ytciD> ;i(7)E^J«Tr 

<^T r p-Me tSB^Jl^. 1 0 6 0 - 1 0 6 4^aJcS 

^T>^Kmmztmt^m\ opDo s^^sftst^E^ffl 

GG C AA C A ATT A AT AG A CTGGNNNG A 
AGCGGATAAAGTTGCAGGACCACTA 
CTpWM5 1 17^^X5 H^FokITit«*tt^Cb. 

[0 116] pWM 5 1 5 ^EcoR I /Sma I T-WBf 

H^#Ai-^:i<htX<fcJ9EcoR il 
5 LT«S^nfcfr^£:^^X^ H^pWM 5 2 0 ^S^L 
fc« ?B1S^^Sa»^&fflV^T> 7T->^M13mpl 
^ir^^ (D^)]/^^}V^ u—-y i^r^ >y ^ ^ - ^ 
n>^. Gene 3 3:103-119. 1985)^ lac 
Z3ieTrt<z)Smaifflfelci?n-->i^Lfco ^CD;i(h 
puc 1 '&(r>tz.mzmL\.tzW^^'ci--y^^u 

n-x>i^gB&mp 1 8^*T^«^fe&pWM5 1 8 
ii^bfco pWM5 1 8ff«c?)'T;^^::^;l'57D-r:>if^ 

TfHcoaDT$)ofc:c GAATTCGAGCTC 
GGTACCCGGGGATCCTCTAGAGTCG 
ACCTGCAGGCATGCAAGCTT 
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[0 117] (d):/^X^FcDi|*^mt:'&^3c:/^X^ 

p WM 5 1 9 y^x^ Fii. ^mmmmmMm^mm 
^fcjex^^KtftcjcD^xbfcso coftpfi: ^^t^) 

V^^^ltj^it^^^p :/^X^ HpWM5 2 OtS. 7 5(^ i!9 

[0 118] ilO-Z^X^ HH, 4>:^j:<i:*>l 2 01H:f^ 
tfJ(75 1 3 4 9~ 1 9 3 3)f^. ^^?^cf:a»^^i)^tC»^ 5^ 

FDNAA*>Hco^S^T:^rn-x>>";P_hTiB-^, 

N^-if T ir-f ^1 i D l^ttbfe 3 

— Jones) 6. J. C 1 inic. Microbiol. 15:67 

7 — 6 8 3. 1 9 8 2]o rrt!-|ftl3:pUC9<J:Dt>3 
-4fSfg<, pBR 3 2 20ntf-i^i:^tfTab^r<h 

30^*t):^^o:rco :ic?)m^^*f5. p br 3 2 2 ^tbKbT 
*iE^«^nfcpUC:$^'Y:/®>^^X^ 
<^Ba^J*^t:(pBR 3 2 2 4^^)2 9 9 0<4(^G*tpUC ^ 

(Milton)^. Focus, BRL-Gibcol 0. 5 6. 1 9 

8 8)^— g:-r§fecoT»ofc*^> ^napuc:/^x 

[0 119] ^i^^'yT.^ FcDSB^J^^l O^tc^fo 
miOgltt^. -3 5fej:t;-10 

::^n^-^-«:«i, f Me t n-KATG FUt' 

tt^^To iiitc^^fPf^RNaseHffiiJgl^&^^fo T 
Tt^XhP^^^f^^^fiL-i^Sr^L.. Fokl W>t^'7^A^o ^ 30 
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coBB^J+ 4 :::)co 3 ' 7K«SSco«» + T-A 2 T*o 

^Wmmmt^^U^. «?l^«lacZ;^rir^y FS^* 
[0 12 0] pWM5 1 0CD«l6tC>flV^^f ^TcD:tU 

5? ^7 1/ :t F 3 - ->T / X5";^/i>X 3}^;i/T ^ ^^i' F 

l^T^^^-f F/t^^vXT-AX3 8 0 A^^«±Tff-:? 
fco 'S'^l^:. ¥J^?L®/^n 0 0 0 A(7)0. 2 j^^;i/xy 
-;i-$iJW7L:tf^Xiaffl_h'i:ffT-:?;^Co :tUd'X:^I/::**^F 

[0 12 1] ^^:^^}-::l%^V^^Y<r>^U--y^ 

T'&^c^ F ok 1 1£ ffl V ^ fc 4 ^ COT'^T CO ^ D - - > 

— (pWM 5 0 0. PWM5 0 1, PWM5 0 2 
feJ;!J^^pWM5 0 7)^SmaI T-^glfL'?^. ^50ng 
(7)|tl8tt^i^^-^3 0 1 OSttS«M(l OmM 
KCK 5. OmMFUX-HC K pH8.0. 5.0 
mM MgSOd, 0. 5mM>^^::f F W F— JWi^T 
2 0 fcfn^;l/C0:tUrrX:^l/:t5'Fi:S'arb. U'^m'^ 

mmim^. 1 0 ot:T3^^r«ijp^bfcp ss^^^iatc 

Si^raJ^raib. 2 0 Oml c;)?^a]L?^n>t!-r>F/^J 
M8 SiiffliaCara. D (lac-proAB)> strA. thi. ^8 
0 laczDM 1 5)tC#L:^c« ^ic^DN A/ffl|gJg^#jS 
?R_hT5:^FB^J^S]b. :::)V^T3 7t:T3^FBlf^->3^y^ 
cl<7)^gKfe«|fg'&i»tC«^j2M l(OLB«flfi^ 

[0 12 2] ^^:/^X^ FcOfc<*<DFokI irfr^^ty 
:/^X^ F«il«&^KTcDj:^tcLTSfhLfco *?J2 0 
0 n gCO^:/^X^ F^9 O^feCDFok 1 (XrL— ■ -f 
>^^>F • AW:t^:/X\ t:A-U--> MA)T^»f 
L/^o 1 XFokia«?S(2 OmM KG K 

lOmMFUX-HCK pH7.5> 1 0 mM Mg 

c 1 2i5<j:tf 1 OmM2-;^;P':^7'Fx^^y-;W^^^ 

1"^ 5 0 0 jti 1 §a*. 3 7 'CT 2 . 5 ^Falff o fcc ^ 
V^T, ffAiJ^^W-rSFokI®f>i'^>l^UTi7U;i/T^ 

Fy;^«a*atCcfc f^wsb&o 

[0 12 3] ^-f ^*-va>¥JatC^V>T. 2 5cD-r^ 
T<OFokI 8fr>t(«-l 0 0 n g) ^ 1 UlCDiKiST-MIcL 

pWM 5 0 0 (SrM-2— 1 40feSf)). pWM5 0 1(Bf 
n-lS-lS, 2 A^^XS2 bCDTc^), PWM502 
myrl 9-2 ^(Dfc^). *3ci:rXpWM5 0 7 (BrfrS 
OCOfc55)Tafeofco 

[0 12 4] i^mmm^^^m(Dm*\zmm\zmm^^ 



—469- 



(22) 



!^W¥4-3 4 9 8 8 1 



41 

[0 12 5] 

[mi] T;p*U3j^x7T^-if3ieT£««t--2>® 
[0 2] 7;i/;<7U3^x:7T^'— fe'«eT*«Sc-rsco 



4^ 



[113] t;i^*'j*x7t^'— ifae^^«i6-rs® 

Ho 

[|Sd4] 7°^X^ HpMAl 0 OCOflM:ffi|Sd*^f« 



[0 5] ^^^»^kS!;^:fli®7;^*>J3i^x:7r^-^f© 

[H6] ^*SSf*^::^»«T;U:^U4^X7T5'— If® 

Ji? [0 7] *S!B^®ST«m^M«S^V^Ta-7xh^ 

[0 8 ] 3|£^K(»iTfflft*ttiii*ffiv^TSiriM©«^m 

[1119] '^vSiST;i^*U3}^X77^'-1fl£^#:*=fc 

[HIO] '^^-fy7.S.Ypy}U5 2 0<Dyt.ifV't^ 

20 



[04] 



[07] 



nmHT < WJ/ir ^ Asp7iB < Sad *i fitofll 
Act? J <■ Sail 

PatT <flstEII 
Sdcii < Daal < f Inl 
DnI 
500 / w>Br 




Stl/I -f iOOD 

ApAl / Pssi < nralT < flstXT 



ClaX 

Ssul 

Bell 
BapMTI 
Bbal <.£co7BJ <ibrl 
iSOO 

SphX 




100 200 300 



AFP <ngfmi: 



■•■»— ? *.||tjTA.* U * a 7 r ^ — *?« Afr 

— tflff^^* 
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[05] 



Rsal Sail 

I ^ 
1 OATCCTTGrACATGGAGAAAATAAAGTGAAACAGTCGACTATlGCACTGCCACTCTTACCGTTACTGTT 69 

IleLeuValHisGlyGluAsmLysValLysGlnSerThrll^AlaLeuAlaLeuLeuProLeai-euPh 

10 

Rsal 

70 TACCCCTCTGACAAAAGCCCGTACACCAGAAATGCCTCTTCTCGAAAACCGGGCTGCTCAGGGCGATAT 138 
ttThtProValThcLysAlaArgThrProGluMETProValLeuGluAsnArgAlaAlaGlnGlyAspIl 
92 

Smal 

Aval PstI 

1 i I 

139 TACTGCACCCGGGGGTGCGCGCCGTTTAACGGGTGACCAGACTGCAGCTCTGCGCGATTCTCTTAGCGA 207 
feThrAlaProGlyGlyAlaArgArgLeuThrGiyAspGlnThrAlaAlateuArgAspSerLeu5erAs 
■ 147 185 

149 SacII 

208 TAAACCGGCAAAAAATATrATTTTGCTGATTCGCGATGGTATCGGGGACTCGGAAAmca5CGGCACG 276 
pLysProAlaLysAsnllelleLeuLeuIleGlyAspGlyHETGlyAspSerGLuIleThrAlaAlaAr 

a pal 

277 TAACTATCCCGAAGGTGCGGGCGGCTTTTTTAAAGGTATAGATGCCTTACCGTTAACCGGGCAATACAC 345 
gAsnTyrAlaGluGlyAlaGlyGlyPhePheLysGlylleAspAlaLeuProLeuThrGlyGltiTyrTh 

331 

SnaBI 

346 TCACTATGCKICTGAATAAAAAAACOTCCAAACCGGACTACGTAACCGACTCGGCTGCATCAGCAACCGC ^ 14 
rHisTyrAlaLeuAsnLysLysThrGlyLysProAspTyrValThrAspSerAlaAlaS^rAlaThrAl 

386 

I 

415 CTGG7CAACCGGTGTCAAAACCTATA.4CGGCGCCCTGGGCGTCGATATCCAC:GAAAAAGATCAC^:GAAC ^83 
aTrpSerlhrGlyValiysThrTyirAsiiGlyAlaLeuGlyValA^pIleHisGluLysAspHisProTh 

461 

Pvuir 
I 

484 GATCCTGGAAATGGCAAAAGCAGCIGGTCTGCCGACCGGTAACGTrTCTACCGCAGAGTTGCAGSACGC 552 
rll^LeuGluMETAlaLysAlaAlaGlyLeuAlaThrGiyAsnValSerThrAlaGluLeuGlnAspAl 
507 

Sp€l RsrII 

553 CACACCCGCTGCGCT6GTGGCACATGTGACTAGTCGCAAATGCTACGGTCCGAGCGCGACCAGTGAAAA 621 
aTJiTProAlaAlaLeuValAlaHlsValThrSerArgLysCysTyrGlyProSerAlaThrSerGluLy 

SS2 600 

Hlul Bsml 

I I 
622 ATGTCCGGGTAACGCGTTGGAAAAAGGCGGAAAAGGATCTAXlACCGAACAGTTGCTGAAlGCrCGTGC 690 
sCysProGlyAsnAiaLeuGluLysClyGlvLysGlySerlleThrGluGlnLeuLauAsTiAlaArsAl 
634 ' 6B6 
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me] 



Nael 

aAspValThtLeuGiyGlyGlyAlaLysThrPh«Al^luThrAlaThrAlaGlyGluTrpGlnGIyLy 
I Nhel 

813 

StuI BstJl 

lThrGluAl«A3nGlnGlnLysProleuLeuGlyI*u?heAlaAspGlyAsnMiTProValAr^TrpU 
Apal ^" . 892 

Aflll 



9^*1 Ball 



figiix 



106? 



iao2 



^^^^ BspHII 

1196 1226 
Warl 

mi 



cClyL,uIh.Cl„Ai.UuA3.Th.LmspCly.^.vaSz^^^^^^^^ 

1276 

1368 

Styl flspMI 

aoiyLeuThrAspGlnThrAspUuPheTyrThrHETLysAlaAlaLeuGlyLeuLys . . ClnVa 
1450 AACCr US^ 1^27 1^536 

ISer 
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CA 19-9 (ji-g/ml) 

A — PMA 1 10 
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